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© Surface treatment of metals. 



© Metal surfaces are heated with an aqueous treatment medium which is a solution of yttrium and metal of the 
lanthanum series or a suspension of particles of alumina with bound chromate followed by treatment with a 
solution of organosilane. Bonding of adhesives or surface coatings is improved. 
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SURFACE TREATMENT OF METALS 

This invention relates to a method of treating metal surfaces. 

Organosilanes are known to be effective adhesion promoters for metal/polymer bonding. Such silanes 
are disclosed in "Silane Coupling Agents" by E.P. Pluddemann (Plenum Press, New York 1982). 

Our copending application (Case 6688/6920) describes a method of treatment of a metal oxide layer, 

s the metal oxide layer being in contact with metal in the bulk state and being formed by exposure to oxygen 
of the metal in the bulk state. The process is characterised in that the metal oxide layer is treated with an 
aqueous solution of a salt of a metal sel ected from a qroup_con^sligq_oL,yitaujT)_a 
lanthanum series having atomic numbers from 57 to 71 inclusive for a continuous period of less than one 
day. the metal oxide being subsequently subjected to a drying process. The application also describes the 

to application of an adhesive to the treated layer. However there is no suggestion that the performance of any 
such adhesive bond will be improved by further treatments. 

Our copending patent application (Case 6689) describes a process for the treatment of a metal oxide 
layer, the metal oxide layer being in contact with a metal in the bulk state and being formed by exposure to 
oxygen in the bulk state. The process comprises treating the metal oxide layer with an aqueous medium 

rs containing a chromium compound and alumina in which any chr omium present i n solution i n the aqueous 
m^iumns"released"7rom alumina - particles whicTThave been previously prepared so as to have chromate 
anions releasably bound to the alumina. Again there is no suggestion in this specification that the 
performance of adhesive bonds resulting from application of adhesive to the treated layer can be improved 
by a further treatment. 

20- We have now .found that improved bonding of organic materials such as adhesives to metal surfaces 
can be obtained by a two stage treatment. 

According to the present invention there is provided a process for treating a metal surface characterised 
in that it comprises the steps of: 

(1) contacting the metal surface with an aqueous treatment medium which is: 

25 a) a solution of a salt of a metal selected from the group consisting of yttrium and metals of the 

lanthanum series having atomic numbers from 57 to 71 inclusive, or 

b) an aqueous suspension of alumina particles to the surface of which particles chromate anions 
are chemically bound, and 

(2) subsequently contacting the metal surface with a solution of an organosilane. 

30 It has been found that the use of organosilanes in conjunction with certain inorganic metal surface 
treatments gives surprising results in adhesion promotion. The organosilane can be chosen from a wide 
variety of such reagents. The organosilane will preferably contain an alkoxy group preferably ethoxy or 
methoxy. In particular it is preferred that the organosilane is an aminosilane or an epoxy silane. The amino 
silane is preferably 3-(2-amino ethyl amino) propyl trimethoxy silane. The epoxy silane is preferably 2-(3- 

35 glycidyfoxy) propyl trimethoxy silane. 

Where the metal surface is contacted with aqueous solutions of a salt of yttrium or of a lanthanide 
metal, the salt is preferably a salt of yttrium, samarium or cerium. The solutions referred to can either be 
solutions of salts of individual metals or they can be solutions of mixed metal salts. Mixed metal salts may 
be derived from natural ores where the occurrence of several metals is known. The counter anion is 

40 preferably the nitrate anion because of its relatively high solubility in water. The concentration of the applied 
metal salt solutions can be in the range 10~ ! - 10~ S M. preferably 10~ 2 - 10" 6 M, more preferably in the 
range 10~ 3 - 10~ 5 M, for example in the range 5.0 x 10~ 3 - 5.0 x 10~*M. 

The aqueous suspension of alumina to the surface of which chromate anions are chemically bound is 
preferably an, aqueous suspension such as is disclosed in our copending application (Case 6689) in which 

-45 _ any "chromium npr^ Alumina "particles which have been 

previously prepared so as to have chromate anions releasably bound to the alumina. The aqueous medium 
preferably contains as an active ingredient substantially only alumina particles having chromate releasably 
bound to alumina. The alumina having chromate anions chemically bound to its surface is referred to in the 
specification as "chromate alumina". "Chromate alumina" may be prepared by the method described in GB 

so 2 071 070B. The alumina will have a chromium content (as determined by XRF) which can be in the range 
0.1 - 6% w/w, preferably in the range 1 - 5% w/w. more preferably in th range 2 - 3% w/w. In general the 
alumina will preferably have a high level of surface hydroxy! groups. Examples of suitable aluminas are the 
commercially available activated aluminas sold under the name "Camag" and defined as having a 
Brockman Activity 1 for chromatography and F1 aluminas sold by the Aluminium Company of America. 
Suitable particle sizes may be up to 100 micrometres diameter. The preferred particle size range is 2 - 
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10 micrometres. The chromate anion is releasably bound to the alumina. When the alumina is suspended in 
water, the chromate anion is released and has a finite concentration in solution. 

Aqueous solutions of a salt of yttrium or of a lanthanide metai or aqueous suspensions of alumina to the 
surface of which chromate anions are chemically bound can be applied by any of the usual techniq ues 
5--used"forapplying"reagent e.g. dipping, spraying, flooding etc. 
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organic solvent, although water can be used. An example of an organic solvent is toluene. Concentration of 
the organosilane is preferably in the range 0.5 - 2% w--w. 

J5 The present invention is applicable to most metals, in particular steel, aluminium and zinc, preferably 
steel, more preferably cold rolled mild steel. The metal surface in the present invention may have 
undergone _ an_initial_cl_eaning_ step, _for_the_ purposes, -for— example.- of -removing— temporary—protective- 
materials such as oil. This cleaning may be by chemical means (alkaline wash) by mechanical means 
(abrading)or a solvent wash may be used; such methods are well known in the art. Furthermore, the metal 

20 may be subsequently stored after treatment so that it may be used at a later date. For example, steel may 
be covered in a protective oil to prevent corrosion. The treatment of the present invention is storage 
resistant and the adhesion promotion effect is not adversely affected by such storage methods. 

The treatment of metal surfaces in consecutive steps comprising treatment with an inorganic metal 
surface reagent followed by treatment with a solution of an organosilane is suitably used in conjunction with 

25 polymeric organic adhesives. Examples of such adhesives are epoxy resins, acrylic resins, polyurethane 
resins, vinyl resins, and phenolic resins, preferably epoxy resins. The organosilane can be applied prior to 
application of the adhesive, or alternatively it can be added to the adhesive formulation itself wh *ch can be 
then applied as a solution in the adhesive after the metal surface has been contacted with a) an aqueous 
solution of yttrium or of a lanthanide metal or b) an aqueous suspension of alumina to the surface of which 

30 chromate anions are chemically bound. 

The invention may be used to increase adhesive bond strengths and to enhance the durability of 
adhesive bonds, particularly in aqueous environments. A typical structure using the present invention would 
comprise two metal objects treated according to the invention and bonded together using an adhesive. The 
metai objects may be different parts of the same structure. Thus the two ends of a metal sheet may be 

3$ bonded together to form a tube. 

The adhesion of an organic polymer surface coating to a metal surface can also be enhanced by 
treatment of the metai surface according to the present invention. The invention is now illustrated with 
reference to the following' examples. 

Adhesion Test Method 

Mild steel test pieces (pretreated as described below) were bonded with epoxy adhesive to determine 
the adhesive properties of treated and untreated steel. The test pieces measured 2.54 cm by 6.35cm and 

45 were cut from 0.75 mm steel paint test panels supplied by the Pyrene Chemical Services Ltd. This is grade 
CR1 cold rolled steel polished on one side only and supplied coated with a protective oil to prevent rusting. 
The adhesive was a simple commercially available epoxy resin; Shell Epikote 828 cured with 0MP30 
hardener (Anchor Chemical Company). 10 parts adhesive were mixed with one part of hardener (by weight) 
immediately prior to use. The steel was cleaned in an ultrasonic solvent degreasing bath ( 1.1,1 -trich- 

so loroethylene) to remove the protective oil prior to any treatment. 2.54 cm square lap bonds were prepared 
by bonding the ends of the polished sides of two test pieces together with a 2.54 cm overlap. Bond line 
thickness was aproximately 1 mm. The adhesive was then cured at 80* C for 1 hour. 

A total of 8 such samples were prepared for each treatment. Of these, four were subjected to a 
durability test (400 hours immersion in distilled water at 50 * C) to determine the effect of hot wet 

55 environments on joint strength. The bond strength of the joints was determined using an I nstron materials 
testing machine in which samples are pulled apart at constant speed and the load required to cause failure 
is recorded. The bonded samples are 10.16 cm long (2x6.35 cm - 2.54 cm overlap), of this 1.27 cm at each 
end is used by the test machine grips to hold the sample. The samples were pulled apart at O.Smm/minute 
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under ambient conditions. The durability {water immersion) samples were tested immediately after removal 
from the water. 

The results of the adhesion test are recorded as average failure strengths in Table I. The percentage 
loss of adhesion on water immersion is also given, 
s Test pieces were treated according to the invention as indicated below: these pieces were then tested 

according to the above method. Comparative tests were carried out as described. Results are given in 
Table I. 



to Preparation of Chromate Alumina 

> 500 litres of water are charged to a reaction vessel at ambient temperature and the agitator started. 
500Kg of AI2O3 are then added together with a sufficient amount of additional water to maintain effective 
agitation. The pH is monitored and CrOa added steadily such that the pH does not fall below 1. Agitation is 

ts, maintained until the pH effectively stops rising. The mixture is left standing for 30 minutes. The product is 
then washed with deionised water to a wash water conductivity of 1 .000 micro ohms per cm. The washing 
process involves slurrying with fresh water allowing the product to settle, decantation of the mother liquor 
then repeating the process. The product is finally reslurried to a solids content suitable for spray-drying. 
The-Slurrjy_is_wet_ground_to.Jhe_ desired _pa^ micronised (finely 

20 ground) in a large ball mill to a particle size of less than 10 microns and then stored in air-tight containers^ 
The alumina used was Alcoa F1 (granular) supplied by Alcoa and the chromium content (^ow.-w) of the 
final dried product was 2.7% as determined by XRF. 

25 Comparative Test A (not according to the invention) 

Test pieces were tested according to the method described above, the test pieces receiving no 
pretreatment other than described in the method. 

30 

Comparative Test B (not according to the invention) 

Steel test pieces as described above were treated by immersion in a 5% wt suspension of chromate 
alumina in water (100 ml per plate) for 3 minutes followed by three 1 minute washes in distilled water to 
35 remove excess material, then dried by dabbing on a tissue. Adhesive bonds were prepared and tested as 
described above. The results of initial strength and durability testing are given in Table I. 

Comparative Test C (not according to the invention) 

Test pieces were immersed in a 10~ 4 molar solution of yttrium nitrate in distilled water for 5 minutes, 
they were then rinsed twice using distilled water and dried on a tissue. The test pieces were then tested 
according to the method described above. 

Pure compounds such as yttrium nitrate are relatively costly. Commercially available mixtures of rare 
45 earth nitrates which are much cheaper can also be used in treating test pieces (see Comparative Test 0). 

Comparat ive Tesj D (not according to the invention) 

50 Treatment of test pieces was carried out according to the method described in Comparative Test C but 
using commercially available mixed rare earth metal nitrates. The test pieces were then tested according to 
the test described above. 



55 Comparative Test E (not acccording to the invention) 

Test pieces were immersed in a 1% w/w solution of the aminosilane (CH 3 0)3 Si (CH2hNH(CH 2 ) 2 NH 2 
then washed 3 times for 1 minute in toluene. The plates were allowed to dry, excess toluene being removed 
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with a tissue, bonded and tested as described above. 
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Example i (according to the invention) i 



Test pieces were treated as described in Comparative Test B, then treated with aminosilane as 
described in Comparative Test E. The test pieces were bonded and tested as described above. 



to Example 2 (according to the invention) 

Test pieces were treated as described in Comparative Test C. then treated with aminosilane as 
described in Comparative Test E. The test pieces were bonded and tested as described above. 



Example 3 (according to the invention) 



Test- pieces - were' treated~as"ciescribed in Comparative Test D. then treated with aminosilane as 

described in comparative Test E. The test pieces were bonded and tested as described above. 

.20 

Example 4 (according to the invention) 

Test pieces were treated as described in Comparative Test B. The test pieces were bonded and tested 
25 as described above except that 1% by weight of the aminosilane (CH 3 0) 3 Si (CH 2 ) 3 NH(CH 2 ) 2 NH 2 was 
added to the epoxy adhesive prior to bonding. 

Comparative Test F (not according to the invention) 

30 

Test pieces were treated as described in Comparative Test A. The test pieces were bonded and tested 
as discussed above except that 1% by weight of the aminosilane (CH 3 0)Si(CH 2 )3NH(CH 2 ) 2 NH 2 was added 
to the epoxy adhesive prior to bonding. 

Results of all the testing according to the method described above for Comparative Tests A-F and 
as Examples 1-5 are given in Table I. 

The yttrium nitrate was supplied by BDH. The rare earth metal nitrate was supplied by Rare Earth 
Products (Widnes, Cheshire) as a solution of the metal oxides neutralised with nitric acid and subsequently 
diluted as needed. 

The aminosilane was supplied by Fluka. 
40 Alcoa, Epikote and Instron are all Trade Marks. 
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TEST 


TREATMENT 


INITIAL 


400HR 


% LOSS 


EXAMPLE 




STRENGTH 


STRENGTH 




A 


Untreated 


3.33 


2.45 


26 


B 


Chromate Alumina No aminosilane 


3.67 


3.20 


13 


c - 


Y(NOs)3 No aminosilane 


3.39 


2.86 


16 


0 


Mixed rare earth metal nitrates. No aminosilane 


3.53 


3.04 


14 


E 


Aminosilane 


4.01 


3.01 


25 


1 


Chromate Alumina/aminosilane 


4.01 


3.71 


7.5 


2 


Y(N03 h /aminosilane 


4.33 


3.78 


12.7 


3 


Mixed rare earths/aminosilane 


4.42 


4.05 


8.4 


4 


Chromate alumina/aminosilane in adhesive 


3.87 


3.82 


1.5 


F - 


Aminosilane in adhesive 


3.79 


3.01 


21 
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Claims 

I. A process for treating a metal surface characterised in that it comprises the steps of: 

(1) contacting the metal surface with an aqueous treatment medium which is: 

s a) a solution of a salt of a metal selected from the group consisting of yttrium and metals of the lanthanum 
series having atomic numbers from 57 to 71 inclusive, or 

b) an aqueous suspension of alumina particles to the surface of which particles chromate anions are 
chemically bound, and 

(2) subsequently contacting the metal surface with a solution of organosilane. 

jo 2. A process according to claim 1 wherein the metal surface is treated with an aqueous solution of 
y ttrium.-samari um_or_j:_erium. 

^ 3. A process according to either of claims 1 or 2 wherein tfre~metat-^rfare^s^reate^ 

solution of a nitrate salt of a metal selected from the group consisting of yttrium and metals of the 

lanthanum series having atomic numbers from 57 to 71 inclusive. 
is 4. A process according to any one of the preceding claims wherein the concentration of the salt of the 

metal selected from the group consisting of yttrium and metals of the lanthanum series is in the range 10"' 

- 10" 5 M. 

5. A process according to claim 1 wherein the metal is treated with an aqueous suspension of alumina • 
_ _j^h_a_^ramiujTi_content in the range 0.1 to 6% weight. 

20 6. A process according~to claim Sphere in~the-chromiunrv eontent-is the-range^5%_weight 

7. A process according to claim 6 wherein the chromium content is in the range 2-3% weight. 

8. A process according to any one of claims 1. 4. 5 or 6 wherein the alumina particles have a diameter 
up to 100 micrometres. 

9. A process according to claim 8 wherein the particle sizes are in the range 2-10 micrometres. 

25 10. A process according to any one of the preceding claims wherein the organosilane contains an 

alkoxy group. 

II. A process according to claim 10 whereint he alkoxy group is ethcxy or methoxy. 

12. A process according to any one of the preceding claims wherein the organosilane is an aminosilane 
or an epoxy silane. 

30 13. A process according to any one of the preceding claims which comprises applying a layer of an 

organic polymer surface coating subsequently to or simultaneous with the step of contacting the metal 
surface with an organo-silane. 

14. A structure comprising two metal objects having treated surfaces which have 

(1) been treated by being contacted with an aqueous treatment medium which is: 

35 a) a solution of a salt of a metal selected from the group consisting of yttrium and metals of the lanthanum 
series having atomic numbers from 57 to 71 inclusive, or 

b) an aqueous suspension of alumina particles to the surface of which particles chromate anions are 
chemically bound, and 

(2) subsequently been contacted with a solution of an organo silane, and 
40 (3) bonded together by a layer of a polymeric organic adhesive. 
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© Surface treatment of metals. 



© Metal surfaces are heated with an aqueous treat- 
ment medium which is a solution of yttrium and 
metal of the lanthanum series or a suspension of 
particles of alumina with bound chromate followed 
by treatment with a solution of organosilane. Bond- 
ing of adhesives or surface coatings is improved. 
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